Disturbed sleep is common in chronic obstructive pulmonary disease (COPD). Conventional hypnotics worsen nocturnal hypoxemia and, in severe cases, can lead to respiratory failure. Exogenous melatonin has somnogenic properties in normal subjects and can improve sleep in several clinical conditions. This randomized, double-blind, placebo-controlled study was carried out to determine the effects of melatonin on sleep in COPD. Thirty consecutive patients with moderate to very severe COPD were initially recruited for the study. None of the participants had a history of disease exacerbation 4 weeks prior to the study, obstructive sleep apnea, mental disorders, current use of oral steroids, methylxanthines or hypnotic-sedative medication, nocturnal oxygen therapy, and shift work. Patients received 3 mg melatonin (N = 12) or placebo (N = 13), orally in a single dose, 1 h before bedtime for 21 consecutive days. Sleep quality was assessed by the Pittsburgh Sleep Quality Index (PSQI) and daytime sleepiness was measured by the Epworth Sleepiness Scale. Pulmonary function and functional exercise level were assessed by spirometry and the 6-min walk test, respectively. Twenty-five patients completed the study protocol and were included in the final analysis. Melatonin treatment significantly improved global PSQI scores (P = 0.012), particularly sleep latency (P = 0.008) and sleep duration (P = 0.046). No differences in daytime sleepiness, lung function and functional exercise level were observed. We conclude that melatonin can improve sleep in COPD. Further long-term studies involving larger number of patients are needed before melatonin can be safely recommended for the management of sleep disturbances in these patients.
Introduction
Chronic obstructive pulmonary disease (COPD) is a debilitating respiratory condition characterized by progressive airflow limitation primarily caused by cigarette smoking. It represents a major cause of morbidity and mortality worldwide (1) (2) (3) .
Poor-quality sleep is a common complaint in COPD. Objective evidence of disturbed sleep, including reduced sleep efficiency, delayed sleep onset, reduced total sleep time, and frequent periods of wakefulness, has been well documented (4, 5) . Impaired sleep in COPD is probably a consequence of multiple factors including nocturnal cough, nocturnal dyspnea, use of medication, and the effects of ageing and comorbidities. Hypoxemia is also believed to be a determinant of disturbed sleep in COPD (6) . Sleep problems have been associated with daytime symptoms and chronic fatigue commonly found in COPD (7) . Although the potential effect of chronic sleep disturbance on lung function in this disease is unknown, small transient reductions in forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV1) have been described follow-Effects of melatonin on sleep in COPD www.bjournal.com.br ing one night's sleep deprivation in COPD patients (8) . Conventional hypnotics should not be used in hypercapnic patients with COPD because they may precipitate respiratory failure due to further inhibition of ventilatory responses. In normocapnic patients, benzodiazepines have been reported to increase frequency and duration of nocturnal hypoxemia (9) .
The pineal hormone melatonin is the neuroendocrine transducer of the light-dark cycle. It plays an important role in the regulation of human circadian rhythms and may have sleep-inducing activity in humans (10) . There is also considerable evidence that melatonin has immunomodulatory and anti-oxidant properties (11) . Exogenous melatonin administration has been shown to improve sleep in several medical conditions, including asthma (12, 13) , although reported effects have been variable (14, 15) . The safety of melatonin treatment up to at least 3 months has been confirmed by a recent meta-analysis (15) .
The aim of the present study was to evaluate the effect of 21 days of melatonin administration on subjective sleep quality in ambulatory patients with clinically stable COPD.
Subjects and Methods

Subjects
Thirty consecutive patients regularly attending the Respiratory Outpatient Clinic at the University Hospital of the Federal University of Ceará, Brazil, were initially recruited for the study. Individuals were eligible to participate if they were 40 years of age or older, had a medical diagnosis of stage II to IV COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria (1) and were considered to be in a clinically stable condition by the attending physician. Exclusion criteria were disease exacerbation 4 weeks prior to the study, presence of obstructive sleep apnea or mental disorders, current use of oral steroids, methylxanthines or hypnotic-sedative medication, nocturnal oxygen therapy, and shift work. Twenty-five patients completed the study protocol and were included in the final analysis. The study protocol was approved by the local Research Ethics Committee and written informed consent was obtained from all patients.
Study design
This was a randomized, double-blind, parallel-group, placebo-controlled study of individuals with COPD. Initially, quality of sleep and daytime sleepiness were assessed by the Pittsburgh Sleep Quality Index (PSQI) and the Epworth Sleepiness Scale (ESS), respectively; lung function was evaluated by spirometry, and functional exercise level was measured by the 6-min walk test. Patients were asked to indicate their habitual in-and out-of-bed time, during the previous 5 days. They were also instructed to keep a diary with records of their in-and out-ofbed times during the 21-day study period. Patients were then randomized to the melatonin or placebo group. Fast-release 3 mg melatonin (Natural Wealth, USA) or placebo was supplied in identical capsules to be taken in a single dose 1 h before bedtime for 21 consecutive days. Other medications were maintained as prescribed by the attending physician. Subjects were not required to keep any specific sleep-wake schedule. Assessment of sleep quality, daytime sleepiness, lung function and functional exercise level was repeated at the end of the treatment for comparison. All measurements were performed between 9 and 12 am. In-and out-of-bed times for the last 5 days of treatment were averaged for each group and compared with pre-treatment values. Subjects were contacted by telephone at least once a week to check for adverse effects and compliance. Patients and investigators were unaware of treatment allocation at all times.
Outcomes
The primary outcome measure was quality of sleep assessed by the PSQI. The PSQI is a seven-component scale, each one dealing with a major aspect of sleep: 1) subjective sleep quality; 2) sleep latency; 3) sleep duration; 4) sleep efficiency; 5) sleep disturbance; 6) use of sleep medication, and 7) daytime dysfunction. These components are weighted equally on a 0-3 scale, with a global score ranging from 0-21. A global PSQI score above five has been found to have a sensitivity of 89.6% and specificity of 86.5% in differentiating good from poor sleepers (16) . Component number 6 always scored zero because individuals on sleep medications were not included in this study.
Secondary outcome measures were daytime somnolence, functional exercise level and lung function. Daytime somnolence was assessed by the ESS, a questionnaire that measures a subject's expectation of dozing in eight hypothetical situations. Dozing probability ratings range from zero (none) to three (high probability). A total score of 10 or more is considered to be indicative of excessive daytime sleepiness (17) .
Functional exercise capacity was evaluated by the 6-min walk test. This is a practical simple test that measures the distance a patient can quickly walk on a flat, hard surface in a period of 6 min, the 6-min walk distance (6MWD). The test was completed in an enclosed corridor on a flat course 20 m in length. In brief, patients were asked to walk at their highest rate from one end of the corridor to the other end as many times as possible within D.M. Nunes et al.
www.bjournal.com.br the established time of 6 min. The test was performed under the control of one of the investigators who encouraged the patients. At the end of 6 min, the investigator measured the distance walked by the patient (18) .
Spirometry was performed according to recommended techniques. Measurements included FEV1, FVC, and FEV1/FVC ratio and results were compared with previously published normal values (19) .
Statistical analysis
Data were examined for normality using the ShapiroWilk test. Between-group comparisons of age and body mass index were made with the unpaired Student t-test. Past cigarette consumption in both groups was compared by the Mann-Whitney test. ESS scores, spirometric results, 6MWD, and in-and out-of-bed times, as well as within-group comparisons (before and after treatment) of the same variables of the melatonin and placebo groups were compared with two-way ANOVA. Differences in global PSQI scores as well as in PSQI component scores before and after treatment were analyzed for each group using the Wilcoxon test. Between-group comparisons of global PSQI scores and PSQI component scores were made with the Mann-Whitney test. Additionally, patients were divided into two categories: good sleepers (PSQI ≤5) and poor sleepers (PSQI >5). Distribution of good and poor sleepers in melatonin and placebo groups were compared using the Fisher exact test. Within-group comparisons of good and poor sleepers (before and after treatment) were made using the MacNemar test. Statistical analysis was performed with the Statistical Package for Social Sciences (20) . Data are reported as mean ± SD and the level of significance was set at P < 0.05.
Results
Thirty patients with stage II to IV COPD were initially recruited for the study. Five individuals (2 from the melatonin group and 3 from the placebo group) were removed from the study because of an exacerbation of COPD (2 patients), hospitalization for non-respiratory reasons (1 patient), alleged adverse effects of treatment (1 patient), and loss of follow-up (1 patient). Demographic and clinical characteristics of the 25 patients who finished the protocol are shown in Table 1 . No significant differences were found between the two groups with respect to age, smoking history, body mass index, global PSQI scores, in-and outof-bed times, ESS score, 6MWD, FEV1 % predicted and FEV1/FVC ratio before treatment (P > 0.05). Mean FVC % predicted was lower in the placebo group compared with the melatonin group before treatment (P = 0.020).
Outcome measures
On initial assessment, 16 patients (8 from the melato- Data are reported as means ± SD. BMI = body mass index; PSQI = Pittsburgh Sleep Quality Index; ESS = Epworth Sleepiness Scale; FVC = forced vital capacity; FEV1 = forced expiratory volume in 1 s; 6MWD = 6-min walk distance. *P = 0.012, comparison of before and after melatonin treatment (Wilcoxon test); **P = 0.020, comparison of before treatment with melatonin and placebo (ANOVA); ***P = 0.016, comparison of before and after melatonin treatment (MacNemar test).
Effects of melatonin on sleep in COPD www.bjournal.com.br nin group) were classified as poor sleepers. A significant improvement in the relative frequency of good vs poor sleepers was observed after melatonin treatment (P = 0.016), but not after placebo (P > 0.05). A trend toward an improvement in the distribution of good vs poor sleepers was detected in the group treated with melatonin compared with placebo (P = 0.073). Global PSQI score was significantly improved by melatonin treatment (P = 0.012; Table 1 ). Global PSQI scores before and after treatment for individuals in both groups are shown in Figure 1 . A significant reduction in the PSQI component sleep latency (P = 0.008), an increase in sleep duration (P = 0.046) and a trend toward an improvement in sleep efficiency (P = 0.057) were found after melatonin treatment. Excessive daytime sleepiness was detected in 5 subjects from the melatonin group and in 4 subjects from the placebo group. Treatment with melatonin or placebo did not significantly change ESS scores. No significant differences were observed in lung function parameters or in the 6MWD after treatment with melatonin or placebo ( Table 1) .
Adverse effects
A subject from the placebo group left the study because of an alleged side-effect (tongue swelling). Four of the 25 cases included in the final analysis reported adverse effects: mild headache (1 subject from the melatonin group); dryness of the mouth (1 subject from the melatonin group and 1 from the placebo group) and loss of appetite (1 subject from the placebo group).
Discussion
The results of this study show that 3 mg melatonin taken 1 h before bedtime can improve sleep in patients with moderate to very severe COPD. To our knowledge, this is the first study on melatonin and sleep in ambulatory patients with COPD. Previously, Shilo and co-workers (21) conducted a pilot study on the effects of exogenous melatonin on sleep quality in 8 adult patients hospitalized in the pulmonary intensive care unit with respiratory failure caused by exacerbation of COPD or with pneumonia. Patients received either 3 mg of controlled-release melatonin or placebo at 10 pm. Sleep quality was evaluated by actigraphy. Treatment with melatonin improved both the duration and quality of sleep.
It is generally accepted that melatonin administered during the day, when its endogenous levels are low, has somnogenic properties (10, 22) . When used near the time of habitual sleep, melatonin has produced less consistent results. Nocturnal administration has been reported to promote sleep (23, 24) , to have no significant clinical benefit (25) or to even increase wake time after sleep onset (26) . Such variability may be related to differences in inclusion and exclusion criteria, outcome measures, hormone dose, and routes and timing of its administration. A recent metaanalysis based on data derived from 17 studies indicates that melatonin can produce small but significant benefits in sleep onset latency, sleep efficiency and sleep duration (14) . Importantly, such improvements seem to be associated with better performance in tests of attention, concentration, fine motor activity, and reaction time and with the sensation of improved daytime well being (27) . In addition to its sleep-inducing effects, melatonin has chronobiotic properties, i.e., the ability to phase-shift the human circadian system by advance or delay according to a phaseresponse curve or to re-entrain a desynchronized circadian rhythm (28) . Both the sleep-inducing and the circadian effect may provide useful tools for improving sleep in COPD and other similar clinical conditions.
The mechanism for melatonin sleep-inducing effect has not been fully elucidated. Involvement of a GABAergic mechanism has been suggested by experimental evidence of melatonin interaction with central benzodiazepine receptors (29) . However, a clinical trial with flumazenil, a benzodiazepine antagonist, failed to demonstrate a decrease in hypnotic and hypothermic effects www.bjournal.com.br of melatonin (30) . Plasma cGMP shows circadian variation, with peak levels being observed during nocturnal sleep. Melatonin administration promotes an increase in cGMP, with peak levels coinciding with melatonin acrophase. Moreover, peak plasma levels of melatonin and cGMP show a positive correlation with sleepiness, pointing to an involvement of cGMP in melatonin hypnotic action (31) . It has also been suggested that melatonin may act to facilitate sleep by inhibiting the circadian drive for waking that comes from the suprachiasmatic nucleus (10) . This is supported by evidence from studies in both day-active animals (32) and humans (33) that the circadian pacemaker promotes wakefulness at certain times of day, together with evidence that neuronal firing of the mammalian suprachiasmatic nucleus is inhibited by suprachiasmatic nucleus Mel 1a receptor-specific melatonin binding (34) .
On average, the subjects in the present study did not present daytime somnolence. The scarce literature published on daytime sleepiness in patients with COPD is conflicting. Cormick et al. (35) evaluated sleep quality and daytime sleepiness in fifty patients with COPD and reported difficulty in getting to sleep and staying asleep and daytime sleepiness compared with age-matched controls without symptomatic lung disease. Interestingly, more than twice as many patients (28%) as controls (10%) reported regular use of hypnotics. Orr and co-workers (36) studied 14 patients with COPD and chronic hypoxemia and were unable to find any evidence of daytime sleepiness, despite polysomnographic demonstration of a short sleep time and an increased number of arousals from sleep. In the present study, improved sleep after melatonin treatment was not accompanied by any significant change in sleepiness scores. It has been recognized that, in contrast to common hypnotics, melatonin does not produce a rapid increase in subjective sleepiness or major impairments in cognitive performance (37) . A study comparing the effects of melatonin and temazepam on sleepiness and cognitive performance showed that while temazepam causes an abrupt but short-lived increase in subjective sleepiness, melatonin gradually increases sleepiness. A smaller deficit in performance on a range of neurobehavioral tasks was observed after melatonin administration compared with temazepam (38) .
We studied patients predominantly with severe COPD. On initial assessment, a lower FVC was found for the placebo group compared to the melatonin group, suggesting a higher degree of lung hyperinflation and mechanical impairment in the placebo group. Although disturbed sleep in COPD is thought to be related to the underlying disease process (6), no significant difference in sleep quality between the two groups was found at baseline, as mentioned before. Improved quality of sleep associated with melatonin treatment could not be correlated with any improvement in daytime lung function or functional exercise level.
No significant adverse effects were reported by the subjects after melatonin administration. Melatonin has been consumed for many years in several countries where it is available freely or by prescription, without reports of major adverse effects. Recently, a systematic review of 17 randomized controlled trials with 651 participants confirmed that melatonin is safe for short-term use (three months or less). However, there is a need for further studies assessing the safety of long-term melatonin treatment (15) . In particular, there has been some concern regarding the effect of prolonged melatonin use on the human reproductive function. A decrease in sperm concentration and motility below normal was found in 2 of 8 men enrolled in a double-blind crossover study of melatonin treatment (39) .
In the present study, no objective measures of sleep or daytime sleepiness were obtained. Sleep quality was assessed by the PSQI, a questionnaire widely used for this purpose. Previously, melatonin has been shown to improve subjective sleep quality in the absence of substantial changes in sleep architecture (13, 14) . It should be kept in mind that, due to its largely subjective nature, sleep quality correlates with, but is not accurately defined by, sleep laboratory measurements. A previous study comparing subjective sleep characteristics assessed by questionnaire with objective measures obtained during polysomnography showed that, although individuals are able to satisfactorily judge time in bed, total sleep time and sleep latency, correlation between sleep quality and objective sleep characteristics is less strong (40) . In summary, melatonin, as used in this study, has the potential to become a useful tool for the management of sleep problems in COPD patients.
